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12 (2): 93-101, 1985

Yichuan Xuebao (Acta Genetica Sinica)

Genetic Analysis of Polymeric Genes for Maltose

Fermentation in Saccharomyces (1)

Ni Baofu Chen Shiyi
(Department of Biology, Hangzhou University)
\
i-- Genetic analyses of polymeric genes for maltose fermentation
in three species of Saccharomyces were undertaken using S.
globosus and S. chevalieri as recessive strains. The experimental
results were as follows: 1) S. cerevisiae strain 2.982 contains two
polymeric genes for fast maltose fermentation, MAL I and MAL II,
each on different chromosomes; 2) S. carlbergensis strain 2.500
contains only one gene, MAL 6; 3) Among the progeny of a hybrid of
S. uvarum strain 2.346 with S. chevalieri, S. uvarum has at least
one gene, MAL I; 4) S. globosus 2.1161 contains genes MAL I,
MAL II, and MAL 6 genes\\ln this paper three methods of
comparative crossing betwegn haploid cells, haploid cells and
spores, and between spores‘ﬁere improved with increased

hybridization freguencies.

This paper was received on March 28, 1984.

(1) ol et is given to Mr. Sheng Zujia, Shanghai Fudan
University and Mr. Cai Jinke, Biological Institute of the Chinese
Academy of Science for their reviews and encouragement. These
projects are supported by the Science Fund of the Chinese Academy

of Sciences.
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2
Saccharomyces is an important industrial microorganism. ;3
Currently seven polymeric genes for maltose have been determined, Eﬁ”
since the inception of genetic research on maltose fermentation in éf
the 50’s. The identified genes for maltose fermentation are MAL I, SE
MAL II, MAL 3, and MAL 4, respectively located on chromosomes VII, ia

-
”

111, II, and XI. Recently it was reported that maltose

{ fermentation is controlled by another gene and genetic system

(2,8).
b R
_ In this paper we report the isclation and characterization of e

the progeny strains of a hybrid maltose fermentation gene from S.

cerevisiae 2.982 (from the Soviet Union), S. carlbergensis 2.500

?i (from America), S. uvarum 2.346, and S. chevalieri 2.213; the oo

purpose was to provide theoretical criteria for the selection of

A}
Cte e et

better yeast (Saccharomyces) and also to give a basis for

exploring the expression of Saccharomyces genes and their control. s
MATERIALS AND METHODS

(I) Strains i
Single spore strain 2.982-5D(a) and 2.982-7a(«x) of S.
cerevisiae 2.982 (from the Soviet Union), heterogeneous combination,
maltose fermenter.

Single spore strain 2.500-1B of S. carlbergensis (from

America), heterogeneous combination, maltose fermenter.

Lt SRR

Isclated monocyte strain 2.346-11 of S. uvarum 2.346. Better

spore forming ability; maltose fermenter.

Yt e e
. .

4 Single spore strain 2.213-3C of S. chevalieri 2.213,

homologuous combination; maltose non-fermenter, sucrose fermenter.

t

-~ .‘.’QI

AT

—x.,-‘;.".



Single spore strain 2.1161-2C of S. globosus 2.1161 (from

Soviet Union); homologous combination; does not ferment sucrose or

Yoo h v ANSERY A -,
[#)

~“

l maltose.
All of the above mentioned strains were provided by the Strain
Culture Department of the Microbiological Institute, Chinese

' Academy of Science.

(II) Culture Media
. YEPD solid culture medium: Yeast paste 1%, protein peptone 2%,
glucose 2%, agar 2%, filtered through filter paper. YEPD liquid
culture medium contains the above components except for agar.
E Spore-producing culture medium: Sodium acetate 0.4%,

cottonseed sugar 0.04%, agar 2%.

Culture medium for measuring maltose fermentation: Yeast paste

. 0.3%, protein peptone 0.5%, maltose 2%. Place in Durham’s

fermentation tube.

. (III) Genetic Analysis Methods

Hybridization and dissection of the ascospore was performed
under a microscope.

1. Dissection of ascospore: Johnston and coworker’s method was

W

- used (3).

%E 2. Hybridization method: Three different methods were used. ﬁ;:
:; A. Cell to cell crossing: Place haploid cell fluids, each E{i
;5 from a different cross, side by side on a glass plate. Several T?%
é. small drops of YEPD medium are placed by capillary in the center. .::

-, Then, under the microscope, draw a 30-50 micron droplet of YEPD Eii
;f from the YEPD drop using a fine glass needle. Cross the two kinds ';;
i: of haploid cells in the droplet. ; £
¥
. o

........................
......
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E B. Crossing a cell with a spore: Because the spore and the

i nutriation cell are in different phases of their life cycle, it is

found during hybridization that the spore generally does not

germinate at the same time as the haploid cell. Moreover, the

l ‘ spore and cell tend to disperse in the small drop of YEPD; there

| is no easy way to maintain strict contact with each other, so that
the frequency of zygote formation is low. To increase the

l hybridization frequency, initially culture the spore in the small

. droplet of YEPD liquid at 30 degrees C for about 1.5 hours. Then
place the germinating spore and the haploid cell in the droplet of

i YEPD liquid for crossing. Continue culturing in 30 degrees C.

C. Crossing a spore with a spore: Cross two homologous
i spore strains in a microscopic droplet of YEPD liquid at 30 C for
1.5 hour; when an end of the spore obviously begins to germinate
under the microcope, close the germinating ends of the two spores

' with a fine glass needle and continue culturing.

The above three methods of crossing need continuous

microscopic observation to determine when a zygote forms. Select a

-

germinating hybrid from the zygote, transfer it to a small drop of
YEPD liquid for continuing culture, and allow the isolated hybrid
‘ to proliferate on the second day. Generally, the hybrid is

immediately used for genetic analysis.
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EXPERIMENTAL RESULTS Bty

(I) Genetic analysis of polymeric genes for maltose '
fermentation in 8. cerevisiae 2.582. tg
1. The determination of the number of maltose fermentation EEE
genes in S. cerevisiae 2.982: Using cell crossing of the single ;;:
spore 2.982-5D and 2.982-2C, the diploid C1 was formed. Then the 5
spore crossing method was used to cross Cl with recessive S. 3%&
€lobosus strain 2.1161-2C. Six hybrids were obtained, C6-Cil. All ;lé'
hybrids were mixed in the genes for maltose fermentation and could E:;
ferment maltose. C6 and CB were randomly selected for analysis. In ;
. the 21 asci in which each contained four ascospores, the maltose htﬂ

fermenters isolated are shown in table 1.
From table 1 it is apparent that the experimental data

i confirms the model of segregation of two genes on different
chromosomes. This suggests that S. cerivisiae 2.982 contains 2
genes for maltose fermentation on different chromosomes.

- Previous S. chevalieri homozygous recessive strains (1,7) were
used in isolation and characterization of S. cerevisiae maltose
fermentation genes. To show that the same conclusions can be

2 . reached using S. globosus substituted for S chevalieri, we

| hybridized the spore of S. chevalieri 2.213-9C with the diploid C1
of S. cerevisiae 2.982. From the spore hybrid, 4 hybrids were
obtained, C69-C72. C69 was selected randomly for analysis. Of the
11 asci, 2 asci were 4+:0-;, 8 asciwere 3+:1-; 1 asci was 2+:2-.

Of the three asci the main product was 3+:1; this result was the

; same as when using S. globosus as a homozygous recessive, which /95 w&f

proves that we can also use S. globosus as a homozygous recessive

for genetic analysis of maltose fermentation genes. &--

......................
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Table 1 Detcrmuination of the sumber of genes for maltose fermentation ia S. ceresimec 6

R R

ependeat segregation of two genes
FRZY

Observed value Theoretical value

Ascus types

(fermenter inonfermenter) FRE & W(%) IRY EA%(%)

No. of ai Percent No. of asi Percent

LA 4 16 3.5 16.7
kA 15 71.4 14 66.6
* 2" 2 9.6 3.5 16.7

2. Isolation of a strain with a single maltose fermentation
gene: If hybrid CB contains two maltose fermentation genes on
different chromosomes, then each of the four single spores in the
same ascus can ferment maltose following meiosis. Each spore
contains a gene for fermenting maltose. Therefore the number 2
ascus of the 4 single spore strain of maltose fermenters in the
same ascus was taken for further analysis. A single spore of
strain of 8-3C, a homozygous maltose non-fermenter, was serially
crossed with non-fermenting strains; the results are shown in

table 2.

Table 2 The segregation of single gene to:r maliose fermentauon

2% A|HBOZME S FORR] LD IRLE, | wmsae MaL EER

" )

r:\iiir‘,,, ross Obtained | Analysed { henotvpe Ao e No. of MAL genes 18
methad™  hvireds hybride ot hvoridslg+:0- (341 L_‘*;z‘ 7 hyhrids

R-2A X §-3C @3] Cue7- 1t csT + 0 0 11 1

b0k X B3C 2) CIC7-158 Ci67 + [ 0 u 1

20 % §AC ) [of ST cee + 40 0 3 1

*-2D X £-3C H €758 co3 + 0 0 16 i

3. Determination of two different maltose fermentation genes:
The above result showed that S. cerevisiae 2.982 contains two
maltose fermentation genes on different chromosomes. To further
analyze these two genes, allelism determination was done by
crossing 4 single spore strains with the above 2nd ascus. The

results are shown in table 3.

T YL R P SN S L el e, T e w el et
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l Table 3 Determinstion of two pelymers. genes for maltose fermentation in the hybrid C§ 7 i
_‘
» ‘ ! ":':‘
- nztﬂuunt»‘t»nnn anzy| TR
~ RREE ooy Obuined | Analysed Phenotype
Combinstion X IR
: method| hyurids bybrids of hybrids{4¢:0- |34:]- (2+:2- .
. Y
. scax b2 | () |cusis] . cur + 0] 0| 0] WREE allek P
: - . 113 1S £
. A% 82D | () |ci343s Cid + 1] s 2 aonallclic zenes s
. p-28x 8-2¢ | ) |crze133]  cua + 2161\ 2 EREEE
$-28% 8-2D | (2) |Cl36-143 cl13¢ + s§ | 0 0 ”:&”iﬁ'ﬂ?:fe o
. ’ The above experimental results completely prove that S. /86
:Q cerevisiae 2.982 contains two polymeric genes for maltose
s fermentation on different chromosomes. We temporarily called the
. MAL gene in 8-2A (or 8-2C) MAL I; the MAL gene in 8-2B (or 8-2D)
we called MAL II (see figure 1).
i - ! NBARS K covvisios) - -
‘ T9%35D . T9827A
X MALT MALIT mel6l— x—{ MALI MALII melo
BERD (S chevaier)) A’ o
[T 2a3s¢C ct XTSRS
: [.'L_" malll al6 X MALT MALY mat6 || manl matt _mais| B BE
i mall __malll_mal6 l MALL MALU malt [ mall malll mate)] S €020
€69 - C72 C6—C8
\ MALY MAL mat MALY MALI mal6)
o mafl malll mal6 mail  malll mal6
X
'_:. | 1 1
N 83C 82A ‘ | T ‘ 2:2C N 52D
o rall malll matt| | ALY _malll mal6| i mall MALU mal6]| ' MALL mall mat gl MALU matt
. izl malll malb ( i {MALL malll matt 'mall MALIL malt
Ve
. 97:C106 €107 - C108 C85 - 95 C73-Cta
MAL! malll malll| mall MALN make ALl malll mal6 mall MALIl mal6
mall  malll mak mall malll maf [{| me/l malll mait ma(l mafll mat6
o
1 1
Cia-C135 Clle - C123 ] C123 - Ci33 Cios-Clls
LMALl mall! mal6 | | MALI malll mals || mail MAL mals || vMall  malll mal6
mall MALI! maté | [MALL maltl ml&i MAL malll main |l matl M 4711 mal
{ .
|
Cl136 (143
maRk MALN ~ais R
mal MALI malt oA
=N
<N
P
El SERSRSURREAST AR Lo

Fig. | Pedigree of identifying MAL genes in S. cevevisiae
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(II) Isolation and Characterization of Maltose Fermentation
Genes of S. carlbergensis 2.500 /87

1. Proof that S. carlsbergensis only has one maltose
fermentation gene: Cai Jinke and coworkers identified the MAL 6
gene in S. carlsbergensis and proved it to be different from S.
cerevisiae 2.1168 (from France), which contains MAL A, MAL B, and Et.
MAL C genes (1). To prove MAL 6 of S. carlsbergensis is also .
different from MAL I and MAL II of S. cerivisiae 2.982 (from the
Soviet Union), we first isolated the MAL 6 gene. ﬁhA

We hybridized 2.500-1B with S. globosus 2.1161-2C using the
method of cell and spore crossing. We obtained hybrids C46-C54.
C50 was randomly selected for analysis. The 11 ascospore is 2+:2-, E;y
which proves the work of Cai Jinke, et al. We also named the MAL -
gene in 50-4B or 50-4C, which can ferment maltose, as MAL 6.

2. Allelism determination of MAL 6, MAL I, and MAL II: To ;CT
prove that MAL 6 of S. carlsbergensis is different from MAL I and .

MAL II of S. cerivisiae 2.982, we undertook allelism

determinations, the results of which are in table 4. £
Table 4 The allelism test between M4Lt and MAL] or MALI
R e sgrn| T ® %M
PP mo:ApEmswRoEnyl kLD | T RO S
Cross Optained Analvsed  [Phenotvpe — -
Cor.bination l metho!!  hybeads hvbrids of hybrids 3+:0- {3477 2+ Alleham '{;
R (3 Clii-2n s " 1 s 1 - -
(MALN) (MALE) non-alichic genes s
£ 2C % 56-4C 3 [exss|  cas -+ 1|7 | ¥easE -
(MALT) (MALE) nan-sileli. genes g

The experimental data (table 4) clearly indicate that MAL 6 in
S. carlsbergensis 2.500 is distinct from MAL I and MAL II in S. ]

cerevisiae 2.982. : W

LT S ST DTSN S - 2. . - - - T e . o t L T OO .- D
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(111) Genetic Analysis of Maltose Fermentation Gene in
S. uvarum 2.346

1. The lethal factor of S. uvarum 2.346 and the maltose

..
v
4 N
"

fermentation gene: To obtain the single spore strain of S. uvarum

.'
I "
y

z
4

2.346, 36 ascl were dissected. Three non-germinated spore states

AT
=t Y
.
s

were found; even among those which germinated, some did not form

ata
.

colonies; some germinated and formed new strains. The single spore
strain of S. globosus or S. chevalieri were used as homozygous
recessive strains to hybridize with the monocyte isolated strain
2.346-11. Upon dissection of the hybrids, 4 single spore strains
from the same ascus could not be obtained. Thus it was difficult
to determine the number of maltose fermentation genes. The lethal
factor in S. uvarum 2.346 needs further exploration.

The viability of the hybrid progeny using S. chevalieri
2.213-9C as a homozygous recessive strain is relatively high.
Using the spore crossing method we selected 28-8A, which
can ferment maltose, and 28-11, which cannot ferment maltose
(homozygous combination), from hybrid C28, a single spore strain
from the 2 homozygous strains; from 28-11, which cannot ferment
maltose (homozygous combination), we obtained 5 hybrids
(C144-C148). C146 was randomly selected for analysis. It had 9
asci which were 2+:2-, which proves 28-8A only contained one
maltose fermentation gene.

2. The determination of allelism of the MAL gene of 28-8A and
MAL I, MAL II, and MAL 6: To determine the differences and
similarities of the MAL gene of 28-8A and MAL I, MAL II and MAL 6,

we selected homozygous combination of single spore 146-2D, which

L S T T T S S

-------
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forms a capsule, and contains MAL of 28-8A. This was hybridized

with a strain (without capsule formation) containing MAL I, MAL
11, and MAL 6. Allelism determination was done on the maltose

fermentation genes. The results are shown in table 5.

Tak'- § Determigation of the gese for maltose fermentation in S. wrerum

: I
azma  EFSEAnAslrwnan annn| JERE —t
) |Cros Obesined | Apslysed |[Phesorype - .
Cem ination method| hybrids hybrids | of hybridsl¢ss0- [34:1- 242" Afllehsm
i
c3:8 c318 + 1 4 1
146 2D MALDX ci19 clty * 214 o £ 108 1]
5-4n(M.A6) 3 non-ailelic genes
£% Total 3 8 1
s l 3 + 14 0 0
cs0e—311; O3
[ 0
:4(;-:[)2\,.321)x ) boo P e | 0 SUES
-2C(MALD allele
# M Totai 30 0 0
M r
Ja6 - ID0MALD) % el ‘ | ERUER
L elA ETRID] S L"HZ ’h| ciu ‘ + | 2 5 2 noa-allelic genes

From table 5 it can be seen that 146-2D contains a maltose

fermentation gene which is not 21111 with MAL II of 8-2D and MAL T

6 of 50-4B; but it is the same as MAL I of 8-2C. The hybrid /98 S

R

pedigree is shown in figure 2. 'JJ

1
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Fig. 2 Fedigree of indenufying M. 4L genes in S. carlsbergensts and S. uvarum : ’




DAY A A St S R A AR, Sl Nad Sl Rl N A A A 0 _'-"A"~!."‘L't‘.\'_‘ DA RS hA A A P S A Al it tinh s uPaf An o AL AR Aai Aok b ahe Ao deonie AAmn
~
12
DISCUSSION /99

From the experimental results it can be seen that maltose
fermentation in Saccharomyses is controlled by many polymeric
genes. The number of whole asci and the percentage of the two
genes segregating in the isoclated groups confirms the theoretical

values (see table 6).

Table 6§ The segregation of two genes tor maltose termentation

) F B =
FTES 2Rk Ascus typexg
Combination Aaalysed hybrids
4%:0° 3+ 4:0-
Cl X 2.3161-2¢C Cb,C6 4 15 2
£-2A x §-2D Ci3s 1 5 2
$-2E % §-IC Ci24 2 6 5
8-2D % 5C-4RB Cc1¢ 1 5 ]
8-2C x 5C-4C cllr 3 ] 2
§-2D % l4€-2D [ 38 2 5 - o
l4¢-2D % S{-5b C31*,C2lc 3 8 1 -
! ' FE.E no of asci 1€ 51 12 ‘y.
Ohserved value i e
£~ % percent 6.2 65.6 15,2 e
F8B no. of asy 12.¢6 52.2 12.¢ E-J
Theoretical value —
E %8 percent 16.7 66.6 6.7

Winge, et al., developed a sensitive assay tube for :f;
fermentation, and used it to identify two fast maltose F:;
fermentation genes, MAL 1 and MAL 2, and one slow maltose
fermentation gene MAL 3 (7) from "yeast foam."” Cai Jinke =

identified 3 fast fermentation genes, MAL A, MAL B, and MAL C, [::

LI A BRI TSR - . . .
- ORI R R | L s, e T R I A S S e, . . . R
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from S. cerevisiae 2.1168 , but did not find MAL 3 (1), using
Winge’s experimental conditions. The genetic analysis of the
maltose fermentation gene of Saccharomyces, S. chevalieri was
formerly used as the recessive strain. Our experiments proved that
S. globosus can be substituted for S. chevalieri as a recessive
strain in the genetic analysis of the maltose fermentation genes.
At first the rapid maltose fermentation gene from S. cerevisiae
2.982 was isolated and characterized. It will require further
study to see if the strain contains MAL 3, accounting for the low
fermentation. The reason for the low fermentation by MAL 3 will
require more research. It is known that MAL I is closely linked to
SUC I and MAL 3 to SUC 3, each located on different chromosomes.
If we can take S. globosus, which does not ferment maltose or
sucrose, as a double recessive strain and obtain the MAL 3 gene,
then we can perform linkage analysis of isolated MAL and SUC genes,
therby determining MAL I, SUC I, and SUC 3. Since S. chevalieri
cannot ferment maltose but does ferment sucrose, it contains 3
sucrose genes. Thus, if the MAL gene is selected for genetic
analysis, the above linkage analysis cannot be used. The genetic
analysis of the sucrose fermentation gene of S. chevalieri will be
reported in another paper. The MAL 2 and MAL 4 genes can be used
to identify one another by genetic linkage analysis.

The traditional classification of yeast basically depended
upon the size of the cell and its shape, the sugars fermented and
assimilated, and physiological characteristics. In recent years
many researchers have studied new methods of yeast classification.

Among them is the classification method based upon molecular
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genetics of the nuclear genes of Saccharomyces. Because of the /100
stability of the DNA molecular classification, it is more
meaningful than the microbiological approach taken by other
research methods (6). In 1952 Lodder divided 2 kinds of S. uvarum
and S. carlbergensis according to size, length, and width of cell.
In 1972 he combined these 2 above kinds into one. We find the MAL
6 contained in S. uvarum is different from S. carlsbergensis in
the progeny strain of hybrids of S. uvarum and S. chevalieri, but
it is the same with maltose fermentation gene MAL 1 of S.
cerevisiae. Regarding the question of whether the uvarum yeast
contains MAL genes besides MAL I is not known; the main impediment
is that few spores survive. Up to the present, there is no report
of the genetic analysis of the S. uvarum MAL gene. We believe
further research is needed.

The Saccharomyces belong to the ascomycetes and have a typical
combination to form better hybrid species for genetic analysis.
Therefore research on various methods of hybridization has also
received a certain amount of attention, for example, Lindegren’s
mass hybridization. S.Y. Chen for the first time used the method
of hybridizing different combinations of haploid single cells with
cells. Regarding spore hybridization, Roberts has advocated a
temperature of 15 degrees C for 16-18 hours after crossing to
increase hybridization frequency (4). Iguti suggested the maximal
culture temperature for hybridization frequency is 20 degrees C;

this is based upon culture temperature sides. Each obtained

different hybridization frequencies. Roberts obtained
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6.7% (4). Winge obtained 16.3% (7). Cai Jinke and coworkers got
about 10% (1). In an experiment in which the hybrids reported in
the literature are taken into 9 combinations crossing pairs of 322
spores resulted in 34 hybrids, a hybridization frequency of 10.5%,
conforming with literature reports. Moreover, using the method

re~~rmandcd in this paper, in 21 combinations of 823 pairs of

spores crossings, resulting in 286 hybrids, a hybridization

. frequency of 34.8%; this is a greatly increased hybridization

i. frequency. It was reported that the chances of a successful cell
- and spore crossing are small. Therefore, using the method

recommended by this paper, in 9 combinations were crossed 457

spores, resulting in 65 hybrids, a frequency of 14.2%. It is known
that the combination process has three periods: cell adhesion,
cell linkage and nuclear fusion. DNA duplication in different
kinds of combination of haploid cells inhibits cell cleavage. Cell
adhesion depends largely upon a and alpha factors, their
dispersion, their concentration in the culture medium and the
degree of cell contact. The cause of the increased hybridization
frequency in the method introduced in this paper is probably due
to the culturing in a microscopic droplet of medium, which

increases the concentration of a and alpha factors in the medium;

a drop of medium from a capillary is not suitable (average

diameter more than 1 mm). Secondly, the surface tension of the

L.
v
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liquid i1~ 7~- the degree of contact between cells. The spore

hybrid decreases the ability because the germinating parts of the
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spore, even though their physiological state is assimilated,
still have an inability to link. Regarding the crossing of cells
with spores, it is the permitting of the spore to germinate that
mimics the haploid nutritional cell, thereby increasing the
hybridization frequency. Improvements of this method has certain
practical value in the genetic research on hybrid culture of

Saccharomyces and research on genetics.
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N Genetic Analyses of Polymeric Genes for Maltose ‘jlf-j:
NS Fermentation in Saccharomyces L

e - .)
. Ni Baofu Chen Shivi "~' ‘~~
: (Deparitment of Biology, Hangzhou University)
. ABSTRACT L
,.. ’ Through a series of extensive crosses of three species of Saccharomyccs with reces- { z

sive rtrains S. globosus or §. chevaliers, genetic analyses of polymeric genes for fast ma.
ltose fermentation were undertaken by means of micromanipulation technique. The re.
sults were as follows: (1) A strain of 8. ecrerusiae (No. 2,952 contains twe polymerice
genes for fast maltose fermentation; MALT and MALII in different chromosomes. (2)
A strain of 8. carisbergensis (No. 2.300; contains only one gene for maltose fermenta- F :
' tion; MAL6, (3) We found that among the progeny of a hybrid of & wvarum (No.
. 2.34€) with S. cheralicri, 8. Urarum possesses at least one gene for maltose fermentation.
which is identical with MALI from 8. cerevisiae, but not identical with MAL6 from
~:.‘: 8. carlsbergensis. 14 S. globosus may be considered as a recessive parent as 8. chcra-
E lher to identify genes for maltose fermentstion, since it contains following genes: mall, . .

wmolll and mal6.

In this paper. cross methods of compar.ng betwean haplnid cells, a haploid cell with
s spore and between spores were improved in some aspects, and discussed in detail. Va.
rious strains with monogene, and with different combinations of these genes as above, o
were obtained in our experiments. R
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Yichuan Xuebao (Acta Genetica Sinica)

Identification and Localiszation of Transpositicn Genes

in Transposon Tn 233 (CH)

Wang Zongyang Hong Mengmin

(Shanghai 1Institute of Plant Physiology, Academia Sinica)

t:.Tn233 (CH) is a transposon isolated from a resistant Shigella
strain in our clinic; its physical map reveals a structure
basically similar to transposon Tn21. Plasmid pBR322::Tn233 (CH)
DNA with transposon Tn233 (CH) was partially digested with
restriction endonucleases Eco RI and Bam Hi. The DNA fragments
produced were religated with T4-DNA ligase. The resulting DNA
molecules were used to transform Escherichia coli C600. A number
of deleted transposition-defective mutants and deleteted mutants
which were still able to translocate were isolated. The results of
complementation test show that the transposition function of
deleted ‘rarcrosition defective mutants of Tn233 (CH) can be
complemented by deleted mutants still capable of <trans:ositic:. .
Then the deletions were mapped by restriction endonuclease
analysis, and the location of *runsposition genes of Tn233 (CH) was

verified.

Received December 5, 1983.
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Bacterial transposons are one kind of DNA which can move

within a plasmid. They contain genes concerned with the process
of transposition as well as genes unrelated to transposition,
e.g2., genes conferring antibiotic resistance or for heat stable
enterotoxins, etc. (8). During the past years in research on
transposon molecular and genetic structure, research on transposon
Tn3 has included its complete nucleotide analysis and revealed its
genetic structure. In addition to determining the location of the
ampicillin resistance gene, it was found that its two ends have 38
bp inverted repetitive sequences. Genes concerned with the
transposition function of Tn3 (tnpA), i.e., a lysozyme gene (tnpR)

i and a DNA segment related to the IRS (or res) transposon were
identified (7). Additionally, research was also begun on
transposon genes in Tn2603 (9) and Tn21 (5). This work has

' important significance for understanding the transposition

mechanism and the evolutionary relationships of some transposons.

) Tn233 (CH) is a transposon isolated in plasmid DR233 from =
drug resistant strain of Shigella in our laboratory. It contains
a resistance gene to streptomycin, sulfanilamide, and mercury ion

: . (1). We have previously presented its physical (6,2) and genetic
(4) maps. It is basically the same as transposon Tn21. This paper
reports the research results in identifying and localizing the

transposition gene in transposon Tn233 (CH).
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Materials and Methods

The strain, its culture conditions, plasmid DNA preparation,
assay by agarose gel electrophoresis, bacterial transformation,

and drug resistance were reported previously (3).

The structure of deleted mutant plasmid pBR322::Tn233 (CH)
DNA: The complete digestion of plasmid DNA with restriction
endonucleases was carried out in a buffer with Tris 100 mM pH7.5,
MgCl, 10 mM, NaCl 50 mM, and DTT 2 mM. The reaction mixture was
incubated at 37 degrees C for 30 minutes; the reaction was stopped
| by heating to 65 degrees C for 10 minutes. For partial digestion
the same reaction system was used, but the restriction
endonucleases were added at different times after dilution; the
. degree of enzymatic hydrolysis was determined by agarose gel
electrophoresis. After stopping the reaction, the mixture
containing the enzymatic hydrolysis buffer was diluted two times
i and cooled to 8 degrees C. DTT and ATP were then added to a final
: concentration of 10 mM and 1 mM, respectively. One unit of
T4-DNA ligase is then added and the reaction mixture is incubated

< . for 24 hours at 8 degrees C, then used to transform bacteria. Eco

RI is a product of Dong Feng Reagent Factory. Bam HI is prepared
using the method of Wilson, et al. (10). T4 DNA ligase was donated

. by Dr. Wang Dajian.

_ Transposition assay: E. coli C600 donor strain (with the
é plasmid R144drd3 or its derivatives and pBR322::Tn233 (CH) or its

derivatives) and E. coli 802 (Nal ) recipient strain are
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without agitation for an additional 2 hours. After an appropriate

dilution of the culture medium, smear the medium onto nutrient

x
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= agar culture plates containing different antibiotics. After the
» colonies grow out, count the number of transformants and record
the type of antibiotic resistance. From the proportion of S
transfornants with R144drd3::Tn233 (CH) (measurement includes some ﬁ?‘

deleted derivatives of Tn233) and only R144drd3, one can calculate 1{;4

the transposition capability of Tn233 (CH) or its deleted mutants.

Results and Discussion

‘T) The structure of deleted mutant Tn233 (CH) and the

measurement of its transposition ability

Using restriction endonuclease Eco RI to partially digest

plasmid pBR322::Tn233 (CH) DNA with transposon Tn233 (CH),

) o KR T,
. f . «
TR T A

|
i; followed by T4 DNA ligation to form different length circular DNA L'

'
4

fragments, pBR322::Tn233 (CH) derivatives were formed. These

contained different length DNA deletions. These derivatives were

P S

used to transform E. coli C600, an antibiotic sensitive cell,
.?, plated in nutrient agar containing ampicillin (50 microgram/ml).

After the colonies grew out, they were assayed for the resistance

markers of the transformants (Ap, Tc, Sm, Su, Hg). From these, 12
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Table 1 Trassposition sbility of Tad33 (CH) and iw deleted mwacant
Kan KBEAF(ERN/ER)
) . zhmn |
Dener sraia B. colé C608 Transcongaats (celis/ml)
(A IRiCN EEER
RBHAARE LRSS )
Recipieat a/b raor
ﬂﬁflm&_ . L i strain Nutrient agds Lidies conial: iag position.
C Resi ability
Plasmids carried esistant marker (Registant INals, Km, [Nal;, Km, Nal, Km
T markers) Sm, Hy
(a) (3) (b)
1 1z . . F. coli
1. pBR312: :Tn233(CH) [Ap, Tc, Sm, Su 4
Hg 802 §.5%10° - 3.4% 10%2.5%10°* +
2. Rli4drd3 Km (Nal)
1. pBR322::Tn233 aEll jAp, Tc, Sm, Sul E. coli
(pTEIL2) 802 ¢ - 5.7% L <1g? -
2. R144d:d3 Km (Nal)
1. pBR322: :Tn233 atl4lap, Tc, Sm, Su| E. cols
(pTELY) 802 0 - E.ox I <10~ -
2. R1l44drd3 Km (Nai)
1. pBR322: :Tn233 aEl5|Ap, Tey, Sm, Suf E. cols
(pTEL5) 802 1.3x1? - 5.1 10%2.6X10°¢ +
2. Rl44drd3 Km (Nal)
1. pBR3I2: :Tn233 atbbiAp, Tc, Sm, Su] E. colé
(pTE66) 02 1.ox1g0 - f,lXIO' 2.0x10°* +
2. Rl44did3 Km (Nai)
1. pBR322: :Tn233 AaE6TAp, Tc, Sm, Su| E. cols
(pTF67) 802 6.3%10° - 3. 4% 10% 2. 3%i0? +
2. Rli4drd3 Km (Nal)
21 E. cold
1. pBR32I: :Ta233 (CH)|Ap, Tc, Smy Su,
Hg 802 - LIX10 [1.2%10%0.9%10™¢ +
2. RI43drd3 Km (Nal)
l. pBR31). .Tnl33ak4l [ap, Tc, Hg E. coli
(pTESD) 802 - 0 76X 10 <10 -
2. R1i4drd3 Km (Nal)
1. pBR3I2: :Ta233 a¥Sijap, Te, Hg B. coli
(pTESL) %02 - 0 8.8 07 <0 -
1. Rl44drd3 Fu (Nal)
I. pBR321: :Tn233 aBS |Ap, Tc, Hg B. coli
(pTH %) 802 - 1O 7.9% 10T 1. 3%iu ©  +
1. Rl44ded} X m (Nal) |




N
.
3

a b < d < f [ h ' ' [ '

! pBRI12: Ta233 (CH) RAGREEWHNEN DNA SAMNEADN EoRl K BamHl
MiBEHRENERL Xk
Fig. | Agarose gef electrophoresis of pBR322:: Tn233 (CH) snod its deleted mutant plasmid
DNAs digested with restriction endonucicases EcoRl or BemHI1

", Sm", Su”") which lost mercury

strains of transformants (Ap", Tc
ion resistance were selected. Similarly, 13 (Ap", Tc", Hg")
transformants were found which had lost streptomycin and

.- sulfanilamide resistance. When assaying the transposition ability, _
initially the method of linking plasmid R144drd3 (Km") to ?,?
transform the above reconstructed pBR322::Tn233 (CH) was used.
Then, according to the linking method described above, it was

crossed with E. coli strain 802 (Nal" ), to assess whether Tn233

Teo T
. R Y B - e
destndaddadiitisetod

(CH) deleted mutants still :transpose plasmid R144drd3 and
transform the R144drd3 recipient E. coli 802 cells. Table 1 lists
the assay results of the transposition ability of Tn233 (CH)
deleted mutants in 7 transformant strains. In the transformants
sensitive to mercury ion, the deleted mutant (Tnp-) of Tn233 (CH)
lost transposition ability in plasmid pTE12 and pTE14. Deleted
mutants (Tnp+) still conserved transposition ability in pTE15,
pTE66, and pTE67. In the transformants sensitive to streptomycin
and sulfaniliamide, Tn233 (CH) deleted mutants also lost their

transposition ability in plasmids pTE41 and pTES1. Additionally,
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Table 2 Complementation of deleted uansposition-defeciive mutants by deleted t1anspo-
siton wild-type Tn233 (CH) in wans
. .

L 23 11 - RBEST(MEN/EF)
Donor strain K. eolr CEU0 Tramsceojugams (cels/ni ') ¥
€733 3r))
. 1.3 )
Recipien AEFERAREFETRA 1
. . ) ) alt ramg-
mENER reEie svain | Sutrient agar plates containing! ‘ positsor
- 4
| _ _ bilit
Plasmids carried Revistart mark!n(nc“"m‘ Nal, Km,Nal EmJN'aI K o
| markers) Sm ’H;: Ry
i ) (a) 3) ‘ )
1. pBR3I2:: ThR233ak: (A : .
, &) pAns Tes Smo 82K col
2. 4drd Ta233a 13 K Hpa Ue ixe T.3x 10% 1, 0=
(pRES A (Nat) A
{
1. pBR322:. Tnl33AFj4
I N IS iciolzs
. rd3:: Tn233aps ik 1 2RI - . 23RIT
(RES) m Hg (Nal.) LIx10°2.$%1¢ +
{
i pBRIII: Th23iaksl Iap, Tc, H
(prHdD) P E'sé.'?“
1. RIS303: Tal33AFI5IKm, Sm, S o E3x10 BIX 10N 2 6x10-
(pRE15) o e (Nal.) * *
1. pBR3IIZ:: Tal3lats) ja Tey Hg .
(pTES) | re 0 TR E's'fl'
s A Ta25aF 19K my Sm, 5o N - fasxae e sexie| o«
Nal.

using the same method and substituting Bam HI for Eco RI, strains
of transformants sensitive to streptomycin and sulfanilamide were
obtained. The tranpositional ability of the Tn233 (CH) deleted

mutants which retained transposition activity in plasmid pTBS are

shown in table 1.

(I1) Restriction map of Tn233 (CH) deleted mutants

Plasmid DNA was extracted from 8 strains of transformants (see
table 1) whose transpositional activity had been measured. These
were completely digested by restriction endonucleases Eco RI and

Bam HI followed by agarose and polyacrylamide gel electrophoresis.
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Comparing with the restriction enzyme map of pBR322::Tn233 (CH) 233
DNA from figures 1 and 2, one can find that pTE12 lost § iég
restriction fragments, i.e., E7, E9, E5, E6, and E4; pTE14 lost 6 gﬁi
restriction fragments, E7, E9, E5, E10, E6, and E4; pTE15 lost 4, ’w
E5, E10, E6 and E4; pTE66 lost the E4 segment; pTE67 lost 2 é;’
. segments, E6 and E4. From the genetic map of Tn233 (CH) it is §§j
; known that the part of the sequence of the mercury ion resistance 3;f
E} is located in the E4 segment. The above mentioned 5 strains of ,
Ei Tn233 (CH) deleted mutants lost E4 segments, so that the /109 ;-;
é; host cells are sensitive to mercury ion, which confirms the €17
E? results of resistance testing. pTES51 lost 3 restriction fragments lé
y E1l, E5 and E10; pTE41 lost 7 restriction fragments E7, E9, E8, El, L
E5, E10, and E6; pTB5 lost 4 restriction fragments, B3, B6, B4, !%i

and B5. From the Tn233 (CH) genetic map we know the resistance

genes for streptomycin and sulfanilamide are located in the El1 or g
B3 fragments (E1 and B3 overlap). The 3 strains of Tn233 (CH) :;:
deleted mutants lacking E1 or B3 fragments are sensitive to i;;
streptomycin and sulfanilamide, confirming the results of the ;és
resistance assay. The 8 strains of Tn233 (CH) deleted mutants ﬂﬁx
which lost E7, E9, E8 and E1 lost the tranposition ability (figure A
3). But in plasmid pTB5, even in Tn233 (CH) deleted mutants which Eﬁ

lost B3, B6, B4, and B5 the transposition ability was retained.
B3, B6, and B4 have large overlaps with the right of E1l,
indicating that only a small part of the left side of El has the

transposition function. We can thus know E7, E8, E9, and a small

:? part of the left side of E1 DNA sequences are concerned with
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D
transposition functions of Tn233 (CH). The E3 fragment is located .L
to the left of the E1 fragment (figure 3). The end of Tn233 (CH) r
is located in the E3 fragment. The E3 fragment has a duplication i;{
of the start region (Ori) of vector plasmid pBR322. If fragment E3 Eﬁﬁ
. is deleted, then the whole plasmid pBR322: :Tn233 (CH) cannot ;&E
?: ._ exist, so that E3 deleted mutants cannot be obtained. Therefore it g
& is difficult to identify sequences in the E3 fragment of Tn233
(CH) concerned with transposition. i"
(III) Complementation of transposition function of Tn233 (CH) 'E
mutants Tnp+ and Tnp- i;f
From restriction map analysis of Tn233 (CH) deleted mutants, Efi
it is clear that E7-E9-E8 and part of the sequences on the left ?iz
of E1 are concerned with the transposition function of Tn233 (CH). i}
We can also know that both ends of Tn3 have inverted repeated ﬂjé
sequences, transposase gene tnpA, lysozyme gene tnpR and the IRS ;ig
(also called res) sequences which are important to transposition E;E
of Tn3 (7). Therefore for distinquishing DNA sequences concerned L
with <rzmsrosicicer. function located in E7-E9-E8 and part of El
. fragments of Tn233 (CH), it must be found whether they contain a E:;
marked enzyme gene or not a marked protein, but only if they T
contain indispensible IRS sequences for the transposition process.
This was done by the complementation test of Tn233 (CH) Tnp+ ;:'
mutant to the “ruorposition of the Tnp- mutant. ~i§
Experimentally, the transposed pTB5 only carries the resistance to 33:
mercury ion; the deleted transposon (called Tn233pB5), sensitive to iﬁi
streptomycin and sulfanilamide, with plasmid R144drd3 formed ';:
plasmid R144drq§:Tn233ABs. After conjugation, this plasmid was ia
i'x
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transferred to a strain containing the pTE12 plasmid. From table 1
it is known that the deleted transposon in pTE12 only carries the
resistance to streptomycin and sulfanilamide; it is sensitive to
mercury ion, but it has no transposition function (called
Tn233AE12, pTEl2 plasmid also called pBR322::Tn233AEl12). Then we
obtained strains with these two plasmids, R144drd3::Tn233AB5 and
PBR322::Tn233AE12. These stains are donors to be crossed with E.
coli strain 802 (Nal" ). Transconjugants were selected in different
antibiotic plates. Because the resistance markers were different
in these 2 deleted transposons, one can see if Tnp- mutant
transposon of Tn233AE12 can transpose. Using this method we
combined 4 strains respectively with Tnp+ and Tnp- mutant
transposon plasmids (table 2). The result of the transposition
experiments indicated that the Tnp+ mutants have a complementary
function to Tnp- in trans; this indicated the deleted function of
Tnp- mutants is a marked enzyme gene. Because we did not measure
the whole intermediate formed by transposition like Tn3 donor and
recipient plasmids, we could not determine if the Tnp- deleted
mutant, except for the tnpA gene, is similar to that in Tn3, i.e.,
if it includes the tnpR gene. In the experiment we found when
R144drd3 plasmid carries two Tn233 (CH) mutant transposons, the
transposon is unstable, i.e., in most of the plasmids R144drd3
culture in antibiotic free medium, only one kind of resistance /112
marker of a mutant transposon was left. This phenomenon will be

studied in the next step.
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We indicated in the previous report that restriction maps and

genetic maps of Tn233 (CH) and Tn4, Tn21, and Tn2603 have many
similar parts (4). Between them, Tn233 (CH) is basically similar
to Tn21. Tanaka (9) et al., used the B2 and H2 fragments of
cloning plasmid pMK1::Tn2603. By doing complementation tests of
the transposition function of B2 and H2 segments in cloned plasmid
PMK1:Tn2603 to Tn2602 Tnp- deleted mutant, he determined the

position of the tnpA gene in Tn2603. De La Cruz (5) et al.
compared the complementation effect of Tn2l deleted mutants to
another transposon Tnl1721 (TC) Tnp- deleted mutant; he found the
location of tnpA gene in Tn21. We used the group of Tn233 (CH)
deleted mutants of different resistance genes (streptomycin,
sulfanilamide or mercury ion resistance genes). We did
complementation analysis between Tnp+ and Tnp- mutants to
determine the transposition ability of Tn233 (CH) derivatives,
thus obtaining the experimental results which directly reflect
Tn233 (CH) itself.
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Identification and Localization of Transposition
Genes in Transposon Tn 233 (CH)
Wang Zongyang Hong Mengmin
(Shanghai Institute of Plemt Physiology. Academia Simica)
ABSTRACT
Plasmid pBR322::Tn233(CH) DNA was partially digested with restriction endna-
cleases EcoRI or BamH1. The DNA fragments generated by partial digestion were re-
ligated by T4-DNA ligase. The resulting DNA molecules were used to transform Esche-
. richia coli U600. A number of deleted transposition-defective mutants and deleted mu-
tants which were still able to translocate (transposition wild-type) were isolated. The .

results of complementation test show that the transposition function of deleted trans-
position-defective mutants of Tn233(('H) can be complemented by deleted transpesi-
tion wild-type in trans. Then the deletions were mapped by restriction endonucleases
analymis. Thus, the location of transposition genes of Tn233(CH, was verified.
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